We report an employee working in glass manufacturing who suffered a burn, induced by hydrofluoric acid (HF) as a result of an explosion of an acid container. The patient was admitted to our burn center with second and third degree burn injuries over 5% of his body. The burn improved completely and dramatically without application of hexafluorine because he presented to our burn center expeditiously. The primary goal of all treatment modalities is to prevent deep tissue injury, decomposing fluoride ion chemically. In the treatment of such burns, the wound area should be washed with plenty of water, preferably with bottled water. In addition, the compounds of calcium and magnesium applied topically and hexafluorine have a role in the treatment, where available. Training programs, including first-aid teams, should be prepared for this in order to reduce or prevent the mortality and morbidity associated with HF burns. 
Introduction
Hydrofluoric acid (HF) is a strong inorganic acid, and often used at concentrations of 49 to 70%. The hydrogen ions are responsible for the development of skin corrosion. Fluoride ions are responsible for systemic poisoning, and cardiovascular collapse, because they bind to serum calcium and magnesium, entering the circulatory system from the skin and giving rise to the release of potassium from red blood cells [1] . Although, the type of burn that is induced by HF appears rarely, it is characterized by serious lesions. This chemical agent, which can be found in the workplace as well as in the home is used for the production of high-octane gasoline, glass, in the tanning industry in rust removal procedures, for the production of laundry detergents and for Unlike other acid burns, it can lead to tissue necrosis and bone destruction [3] . In the treatment of such burns, the wound area should be washed with plenty of water, preferably with bottled water. In addition, the compounds of calcium and magnesium applied topically and hexafluorine have a role in the treatment [4] . This paper reports an employee working in glass manufacturing who experienced a HF-induced burn as a result of an explosion of an acid container he had in his hands. Because he presented to our burn center expeditiously his burn improved completely and dramatically without any application of hexafluorine.
Case Report
A 31-year-old the American Society of Anesthesiologists (ASA I) male patient who was working in glass manufacturing industry, presented to our burn unit. He had a HF burn caused by the explosion of a 5-liter acid container. On physical examination, it was found that the affected clothing had not been removed from the patient and that he had not been washed with water. The patient presented to our hospital burn unit an hour after the incident. It was observed that, based on the Lund-Browder chart [ ], second and third degree burns occurred in 5% of his body. The lesions induced by the HF burn on the left forearm and the trunk were immediately cleaned with plenty of water, then his clothes were removed and cleaning with water was continued ( Figure 1 ). A topical gel of calcium gluconate (2.5%) was used simultaneously. Central catheterization, invasive blood pressure and routine monitorization were performed in the burn intensive care unit. Although he was hemodynamically stable and in sinus rhythm on the ECG, biochemical laboratory findings showed deep hypocalcaemia, so an IV infusion of 40 ml of 10% calcium gluconate in 500 ml of 0.9% saline was started. The solution was infused over a 24-hour period. Then the calcium level of the patient was monitored until the 48 th hour. His mean arterial pressure was in the range of 65 to 85 mmHg, heart rate was 80 to 100 beats/min and respiratory rate was between 9 to 12/ min. Ionize calcium was 0.53 mmol/L before the treatment. The potassium level remained within the range of 3.4 to 3.9 mEq/L. The concentration of sodium in the serum was in the range of 137 to142 mEq/L, chloride was 98 to 106 mEq/L and magnesium was 1.1 mg/dL. Analgesia was achieved by multimodal analgesia in which intravenous opioid agents were combined with non-steroidal anti-inflammatory drugs. The patient was dressed with warm water in a washing room under sedation. No hexafluorine solution was applied because it was not available. No fasciotomy was done, as compartment development was not noted. The patient was transferred to the burn unit where his hypocalcaemia recovered uneventfully within 24 hours. No adverse effect developed during these procedures. The lesions were stable at the end of the first week and radiologic imaging showed no abnormality of the bone. For skin grafting, the patient was referred to the department of plastic and reconstructive surgery.
Discussion
Different treatment options have been suggested for HF burns. The primary goal of all treatment modalities is to prevent deep tissue injury by decomposing fluoride ion [5] . The first step is to wash the burn lesions with plenty of water, preferably with bottled water.
A second goal is to transform free fluoride ions into insoluble fluoride salts. A 2.5% calcium gluconate gel is often used to treat burn lesions induced by acid [6, 7] . After first aid by washing and application of gel, 5% of calcium gluconate injections may be required for lesions especially of deep burns with a large surface area [5] . Severe systemic toxicity may occur following HF burns. Wu et al. [8] reported successful resuscitation of a case developing systemic toxicity, including hypomagnesemia, hypokalemia, hypocalcemia, bradycardia, and cardiac arrest with IV calcium, magnesium and potassium. The case abruptly developed cardiac arrest at the 16th hour after contact with the agent, despite 3% of total body surface area (TBSA) suffer first-degree burns. The TBSA of our patient's burn was greater and the degree of the burn was higher than the patient's burn that Wu et al. reported, however, its course was not fatal. This demonstrates that treatment should be planned carefully and started urgently independent of the size of the lesion. HF-induced burns treated ineffectively or late may have catastrophic consequences even if they are minor injuries [9] . Sudden death has been reported due to multi-organ failure, severe cardiac arrhythmias or ventricular fibrillation [10, 11] . There have been reports of HF-induced burns due to causes other than contact. An example may be an exposure via inhalation; in which case, laryngeal edema should be excluded or treated promptly by performing fiber optic laryngoscopy. Inhalation of 3% calcium gluconate should be simultaneously added to the treatment [12] . Ingestion of batteries or magnets is another cause for injuries by HF [13] . Although, dermal exposure is mostly limited to moderate irritation or invasion, burns caused by inhalation or ingestion often manifest themselves with more serious systemic complications. It is also essential to neutralize the acid with water or milk and also to perform gastric lavage using a solution of calcium gluconate in the emergency treatment [14] .
Hexafluorine solution should also be used in HF burn patients. This solution is a decontaminating solution forming hypertonic, amphoteric and chelating actions. Specifically, it causes deactivation of hydrogen ions and forms chelates with fluoride ions. HF may cause progressive destruction of tissue which can include bone injury. Because even the exposure of a 1% solution of this chemical can cause serious systemic symptoms, hexafluorine is recommended for use as early as possible [15] . However, in the absence of hexafluorine, calcium gluconate solutions are compulsorily used in emergency situations.
Soderberg et al. [16] gave hexafluorine to 16 patients with ocular or dermal HF burns, who presented to their departments within one year. The progress of the lesions was successfully kept under control in 75% of cases, and the mean hospital observation time was decreased to less than one day for 44% of the patients. Burgher et al. [17] decribed that no histological lesions were present in patients who had been washed with only hexafluorine in the early period after exposure, and compared this with patients to whom water plus topical calcium gluconate had been applied in an experimental setting. However, in a study of rats, Hulten et al. [18] investigated blood calcium, potassium, and ionized fluoride levels in groups whose burn lesions were washed with hexafluorine solution, with water alone or with water + 2.5% calcium gluconate, however, they could not prove that hexafluorine is more effective than the other two treatments.
Hexafluorine was not available for our patient. We primarily treat burn lesions with topical calcium gluconate gel and then initiate systemic therapy. At this stage, the use of hexafluorine solution could have had a positive effect on the treatment. However, we assumed that taking the patient to our burn center within 1 hour had also a positive impact on the prognosis. We considered the factors that play a negative role in the availability of this agent. These included the infrequent occurrence of this type of burn than of others, and the fact that hexafluorine solution is expensive and is not being used widely.
However, the agent should be routinely used by hospitals as its benefits have been proven. Because its shelf life is two years and it can be stored easily, hexafluorine solution must be available in workplaces at high risk of HF burns, and should be immediately applied to the whole body upon exposure. The later the implementation of this agent, the longer the length of hospitalization and the higher the number of additional complications, such as the signs of systemic toxicity [16] .
We believe that training programs, including first-aid programs should be planned from this point of view. Thus, the mortality and morbidity associated with HF burns could be prevented.
